Introduction: Hepatitis C virus (HCV) genotype 4 is the most prevalent in Egypt. Visceral adiposity index (VAI) and (TyG) index are newly developed indices for assessment of metabolic syndrome (MS) and insulin resistance (IR). We aimed at comparing their levels in HCV-patients with healthy controls and validate their use for prediction of hepatic histopathological changes. Patient and Methods: 78 chronic HCV-infected patients proven by PCR, viral genotyping and hepatic histopathology, and 67 healthy controls were enrolled. Presence of MS, Homeostasis Model Assessment for IR estimation (HOMA-IR), TyG index, and VAI were assessed. Results: HOMA-IR, TyG and frequency of MS were significantly higher in patients' group (p < 0.0001 for each) in comparison to controls. In HCV patients, increased fasting blood glucose (FBG) was the only strong predictor of severe hepatic necro-inflammation. High FBG, older age, female sex, high AST, TyG, VAI, serum lipids abnormalities and presence of MS were all associated with severe fibrosis on univariate regression analysis. Only high AST, TyG, VAI and LDL were independent predictors of severe fibrosis. A model using the 4 parameters showed a strong validity in predicting ad- 
Introduction and Aim of the Work
Hepatitis C virus (HCV) is quiet prevalent globally. Genotype 1 was estimated to be the most prevalent worldwide (46.2% of all HCV cases), followed by genotype 3 (30.1%).
Other genotypes comprise the remaining 36% of cases. Genotype 4 predominates in North Africa and Middle East countries including Egypt [1] . In fact, studies indicate that Egypt is enduring a large HCV disease burden, and is likely to be the most affected nation worldwide by this infection which makes HCV and its complications one of leading public health problems in Egypt [2] .
Previous clinico-epidemiological studies postulated that metabolic syndrome, steatosis and insulin resistance occurring more in patients with hepatitis C virus [3] [4] . HCVinduced glucose intolerance was a pathological feature of insulin resistance. IR may have many serious effects in HCV patients. It may be associated with fibrosis progression of the liver tissue, failure to treatment response, and progression to hepatocellular carcinoma. Eradication of HCV by antiviral therapy has been shown to ameliorate IR, both in hepatic tissues and whole body. On the other hand, visceral obesity has been shown to enhance HCV-induced insulin resistance [4] [5] [6] [7] .
Histologically, Hepatocyte steatosis is a feature associating many liver diseases including chronic HCV. Its prevalence among HCV patients ranges from 40% to 86% according to the genotype. Researchers have defined two main types of steatosis; one type is associated with metabolic syndrome (metabolic steatosis) and commonly found in patients infected by genotype 1. The other one was reported in patients with genotype 3a in which fat accumulation correlates with HCV replication levels and disappears after successful antiviral therapy, without other known steatogenic cofactors suggesting a direct cytopathic effect of the virus (viral steatosis) [4] [8] [9] .
Visceral adiposity is best evaluated by magnetic resonance imaging and was found to be correlated with liver fat accumulation in healthy subjects [10] and it was associated with severe inflammation and fibrosis in nonalcoholic steato-hepatitis. In other studies, waist circumference (WC) measurement was used as a surrogate marker of visceral adiposity and association was reported between it and hepatic steatosis in nonalcoholic fatty liver disease and in CHC patients [11] [12] . However, using WC alone to indicate visceral obesity is not entirely accurate as it does not help distinguishing subcutaneous and visceral fat mass; the latter being the most important factor in metabolic derangement [13] [14] .
A mathematical model called "Visceral Adiposity Index (VAI)" was developed by Amato et al. [15] VAI has been studied in a specific cohort of patients with genotype 1 chronic hepatitis C and proved to be independently associated with both steatosis and necro-inflammatory activity and directly correlated with viral load [16] .
Another group of investigators [17] proposed the product of plasma triglyceride and glucose concentrations as an index of IR (TyG index). The levels of both metabolites are strictly dependent on prevailing insulin concentrations, and the inclusion of a lipid parameter widens the concept of IR on different substrates. They concluded that the TyG index could be useful, low cost and easy-to-calculate surrogate for estimating insulin resistance in apparently healthy subjects. The index was validated in other studies [18] [19] [20] and was shown to be non-inferior to HOMA-IR, directly related to HCV viral load, and appears to have a similar performance to HOMA-IR, in predicting the severity of steatosis, but compares favorably in terms of cost and use in general clinical practice.
The present study is a case-control study aimed to compare the values of HOMA-IR, VAI and TyG indices in chronic HCV-infected Egyptian patients to those in healthy population and to determine the correlation of such indices to viral genotype and histopathological changes in infected patients.
Patients and Methods
This study is a prospective case-control study. Seventy-eight patients with chronic hepatitis C (CHC) among those admitted to departments of Internal Medicine and Tropical Medicine and attending the out-patient clinic of Sohag University Hospital during the period from 6/2013 to 12/2014 were included in our study. Inclusion criteria were; chronic HCV Naïve-patients, who were proved by positive HCV-Abs by ELISA for more than 6 months, positive PCR and had a histopathological diagnosis by liver biopsy.
Exclusion criteria were: patients with diabetes mellitus, Child-Pugh class B and C cirrhotic patients, patients with hepatocellular carcinoma, other causes of liver disease, anti-viral treatment experienced patients or immunosuppressive drug and/or regular use of steatosis-inducing drugs (corticosteroids, amiodarone, etc.).
In addition, 67 of age-and sex-matched healthy control individuals were included. 
Laboratory Testing
The following tests were done for the participants: -Two ml. venous blood collected on EDTA tube for complete blood picture (CBC) by CEII-DYN 3700 (Abbott Laboratories, USA).
-Twelve hours overnight fasting venous blood samples (about 10 ml) were collected in sterile tubes. Samples were immediately cooled to 4˚C and centrifuged at 3000 rpm for 10 minutes. Serum was divided into three aliquots: VAI score was calculated as described by Amato et al. [15] using the following formulae and was differentiated according to sex:
Calculation of Indices
Males:
( ) Was calculated using the following formula [19] :
Fasting triglycerides mg dl fasting glucose mg dl 2 ×
Histopathological Evaluation
Haematoxylin and eosin-stained and Masson's trichrome-stained sections of liver core biopsies were evaluated by a single pathologist without knowledge of the patients' clinical or blood samples data. The grade of necro-inflammation and stage of fibrosis were scored according to Scheuer's scoring system [25] and the degree of steatosis was evaluated according to the relative percentage of involved cells [4] . For Masson`s trichrome staining (DDK Italia, Code 12-107); tissue sections were de-paraffinized, rehydrated, rinsed in running water and re-fixed in Bouin's solution for 1 hour at room temperature. After washing in tap water, the sections were stained by Weigert's iron hematoxylin working solution for 10 minutes before incubation in Biebrich acid fuchsin solution for 10 minutes followed by differentiation in phosphomolybdic-phosphotungstic acid solution for 10 -15 minutes. The sections were incubated in aniline blue solution for 10 minutes; rinsed briefly in distilled water and differentiated in 1% acetic acid solution for 5 minutes. Finally, the sections were dehydrated and mounted as usual. 
Statistical Analysis

Results
Patient Demographic, Clinical and Laboratory Features
Seventy-eight patients of genotype 4 chronic hepatitis C; confirmed by serology and PCR studies and 67 of age-and sex-matched control individuals were included in this study. Viral genotyping was determined and proved to be genotype 4 in all patients.
Four of them had mixed infection with both genotype 4 and 1. Different statistical parameters for patients and controls are summarized in Table 1 . Mean (SD) values of WC were within the normal range in males {81.0 (4.9) & 82.3 (2.9) in patients and controls Table 1 . Demographic, clinical and laboratory characteristics of the study population. 
Factors Associated with HOMA IR, TyG and VAI
Factors Associated with Histopathological Findings
The association of different host and viral factors with liver histopathological changes of genotype 4 CHC patients namely grade and stage of the disease and severity of steatosis was evaluated. The grade of hepatitis was classified into two main categories; mild/moderate hepatitis (n = 64) including grade I and II necro-inflammatory lesions and severe hepatitis (n = 14) including grade III and IV necro-inflammatory lesions.
Similarly the degree of fibrosis was classified into two categories; no/early fibrosis (n = 34) including stages 0 and I disease and more advanced fibrosis (n = 34) including stages II, III and IV. Steatosis was classified as absent-mild at <30% or moderate-severe at >30%
On univariate logistic regression analysis, increased fasting blood glucose, increased HOMA IR and high LDL were associated with severe necro-inflammatory lesions of the liver. On multivariate regression analysis, fasting blood glucose level can predict the severity of necro-inflammatory lesions (Table 3) . Older age, female sex, high AST, high
TyG score, high VAI index, low HDL, high LDL, high TG, high cholesterol level and presence of MS were all associated with severe fibrosis on univariate binary regression analysis (Table 3) . Multivariate logistic regression analysis showed that the following parameters were independent predictors of severe fibrosis: high AST level, high TyG score, high VAI index and high LDL level (Table 3) . Receiver operating characteristic (ROC) curve showed a strong validity of the model using these four parameters in pre- The univariate and multivariate comparisons of variables linked to moderate/severe steatosis (>30%) were reported in Table 3 . Although female sex, high BMI,VAI, TyG, LDL and TG values were all significantly associated with moderate/severe steatosis (>30%) on univariate analysis, only high BMI and high LDL levels are the strong predictors of moderate/severe steatosis on multivariate logistic regression analyses. ROC curve analyses showed a significant validity of the model using BMI and LDL to predict high degree of steatosis (AUC 0.738; SE 0.058; CI 0.625 -0.851, p = 0.002, Figure 2(B) ).
Discussion
Association between CHC and metabolic disorders manifested by metabolic syndrome, IR, Diabetes mellitus and hepatic steatosis was proven in several previous studies. Liver biopsy is the gold standard method for assessing hepatic fibrosis and steatosis. Previous guidelines recommended it as preliminary step to decide Interferon-based therapy [26] . All patients in this study had performed liver biopsy as a part of pretreatment assessment before the beginning of anti-viral therapy for treatment of HCV in Egypt. As we mentioned, all samples were examined by a single pathologist to avoid inter-observer variability. With the development of anti-protease therapy for HCV, the need for liver biopsy is minimized and the presence of simple cheap non-invasive predictors may be sufficient to evaluate histopathological changes [27] .
By comparing the demographic, clinical and laboratory parameters in HCV patients and control groups, we found that metabolic syndrome was significantly prevalent among HCV group (p < 0.0001); our diagnosis was dependent on IDF criteria [22] which included WC, TG, HDL, hypertension and fasting serum glucose level. WC was significantly increased only in female patients, while it was within normal range in male patients, however, the abnormalities in other components; namely HDL, TG & fasting glucose seems to be the determinant factors for metabolic syndrome in this study. In fact, ethnic variations are well known in the determination of standards values for WC.
In Egypt we use the European values but the development of our own standards will be valuable and highly recommended. We previously reported the association of CHC with metabolic syndrome in our locality [28] and it was also reported in many studies [7] . The underlying mechanisms of HCV-induced IR have been previously studied. HCV induces IR with both hepatic and peripheral manner with some differences in different genotypes [34] . TyG index has been recently emerged as a simple surrogate index for IR and proved in several studies to be non-inferior to HOMA IR when compared to euglycemic-hyperinsulinemic clamp test [17] [18] [19] .
A single study reported the significance of its measurement in CHC genotype 1 but it didn't compare it to healthy controls [20] .
VAI; a novel sex-specific index was suggested as a valuable indicator of "visceral adipose function" and insulin sensitivity [15] was calculated in this study for both patients and controls. The values although higher in patients but the difference was not statistically significant. No reports are available till now comparing VAI values in HCV patients and controls. One study tested its correlation to viral load and histological findings in genotype 1-HCV patients [16] .
IR in addition to its role in development of type 2 diabetes and increased cardiovascular risk [35] , has emerged as an important prognostic factor for the clinical course of HCV infection. It has been linked to increased disease severity, extra hepatic manifestations, and decreased response to antiviral therapy [6] [36], progression of hepatic fibro-sis and development of hepatocellular carcinoma [37] . Moreover, HCV affects lipid metabolism and induces hepatic steatosis by genotype-specific mechanisms; HCV genotype 1 can cause metabolic hepatic steatosis through its interactions with factors related to visceral adiposity while HCV genotype 3 causes mainly viral hepatic steatosis.
Both insulin resistance and hepatic steatosis are related to hepatic inflammation and fibrosis, and might enhance these conditions [3] . Genotype 4 is the least studied in previous literatures.
In Petta et al. [20] found TyG was independently associated with WC, total cholesterol, presence of arterial hypertension, viral load and steatosis. HOMA was significantly as- tance is more strongly associated with viral load than visceral obesity [40] .
In their study on genotype 1 HCV, Petta et al. [16] found VAI score was independently associated with higher HOMA score, viral load, necro-inflammatory activity and steatosis. The same researchers claimed that VAI score was linked to severe fibrosis in non-alcoholic fatty liver disease (NAFLD) [41] , Whereas others [42] found VAI is neither related to the severity of hepatic inflammation nor fibrosis in non-diabetic patients with NAFLD.
When univariate and multivariate binary regression analyses were performed to find variables which could predict histological finding in patients with HCV genotype 4.
High fasting serum glucose, HOMA IR and LDL were all associated with severe necro-inflammation but fasting glucose was the only predictor on multivariate analysis.
Several factors were associated with severe fibrosis, but among them high AST, TyG, VAI & LDL were strong independent predictors; a strong validity of the model using these four parameters in predicting advanced hepatic fibrosis was shown. Moderate to severe steatosis could be predicted more in female patient, and in patients with high BMI, VAI, LDL and TG. The independent risk factors for severe steatosis were high BMI and High LDL, a significantly valid model using BMI and LDL could be used to predict high degree of steatosis.
Conclusion
In conclusion, the present study showed significant association of HCV genotype 4 with increased HOMA IR, TyG score and the presence of metabolic syndrome in comparison to controls. TyG & VAI are simple indices that could be of value in prediction of histopathological changes however further studies are needed to evaluate their accuracy.
